In a prospective randomized study we aimed to examine the effect on gastric pH and microbial colonization of enteral nutrition (EN) delivered both by intermittent and continual infusion. Forty-three mechanically ventilated patients were randomized to receive EN by one of three methods, intermittent or continual gastric or continual jejunal. We sampled gastric aspirate for pH and culture in all patients at 0600 hours and pH in gastric intermittent feeders at 2200 hours daily. Patients were studied for 12 days or until extubated.
Ventilator-associated pneumonia remains a serious complication in mechanically ventilated patients. Colonization of the oropharynx by potentially pathogenic microorganisms followed by pulmonary aspiration is thought to be important in the pathogenesis of this condition. Modulation of gastric acidity may attenuate or amplify this process since the stomach has been proposed as one source of these bacteria 1, 2 . Acidification of gastric contents has been achieved with use of enteral nutrition (EN) delivered intermit-tently (eight-hour break overnight) with reports of a lower incidence of ventilator-associated pneumonia 3, 4 . Conversely continuous EN has been implicated in the causation of VAP 5 . In an attempt to confirm previous reports 3 we designed a study to determine whether the intermittent delivery of EN would significantly alter gastric pH and gastric microbial colonization rates compared with EN delivered continuously. Additionally we were interested to examine the effect of small bowel feeding on gastric pH and colonisation assuming that both would be lower than with gastric feeding.
MATERIALS AND METHOD
The study was carried out at the Waikato Hospital, a 700-bed tertiary referral centre. The ICU is a 15 bed multidisciplinary unit with a case mix including trauma, burns, acute medical and surgical cases, and elective postoperative cases. Cardiac surgical cases were not studied. All patients who were judged clinically to require mechanical ventilation for a minimum of three days and in whom EN was being considered were eligible for entry. Patients were excluded if they were less than 14 years of age, had bowel pathology or gastrointestinal disease that specifically contraindicated EN, or were on gastric acid altering drugs. Gastric acid altering agents were not permitted at any stage after enrolment.
Design
The Waikato Ethics Committee approved the study design. Patients were randomized to receive one of three types of EN-gastric intermittent (GI), gastric continuous (GC) and jejunal (JEJ). Randomization was done by a computer-generated randomization code. All jejunal tubes were placed with the aid of endoscopy over a guidewire by one of the authors (AS). Position in the upper small bowel was verified radiologically. A gastric tube was placed concurrently for the assessment of gastric residuals and administration of medication. GI feeding was carried out for a total of 16 hours (0600-2200) with an eight-hour break (2200-0600) overnight. GC and JEJ feeding ran 24 hours from 0600 to 0600 hours with breaks only as clinically indicated. All patients had their gastric residuals aspirated every 4 hours, volumes of up to 200 ml being accepted. Failure of gastric feeding was assumed if there were persistently high (greater than 200 ml per 4 hourly aspiration) gastric aspirates despite the use of a prokinetic agent for two consecutive days. In the case of jejunal feeders, failed feeding was assumed if the gastric aspirate contained significant refluxing enteral feed on repeated aspirations and or there was increasing abdominal distension or pain.
If a patient was randomized to receive gastric feeds, and failed completely using our criteria, a jejunal tube was placed or parenteral nutrition (TPN) used. The patient was then excluded from the study. If the patient was randomized to jejunal feeds and the initial tube dislodged or blocked, a second tube was placed, after attempts to unblock the initial tube. In the case of failure of jejunal feeding, the patient was converted to TPN and excluded from the study. Patients also exited the study if they developed overt GI bleeding that required investigation, transfusion or intervention. Caloric needs were estimated from an empirical clinical assessment. For this study 30 kcal/kg/d was aimed for. Patients were followed for a total of 12 days or until extubated.
Investigations
For all groups observing sterile procedure, 20 ml of gastric aspirate was drawn at 0600 hours for each day of the study. In addition in the GI group a pH was also drawn at 2200 hours. For all samples the first 5 ml was discarded. Five ml was then sent immediately in sterile container for culture, and 10 ml for pH testing (Orion 501 pH meter, Orion Research Inc, Cambridge, Massachusetts, U.S.A.). Gastric aspirate volumes, the amount of feed and calories delivered were recorded for each patient daily. Actual calorie delivery was compared with that predicted. Routine demographic and clinical data, including total days ventilated was recorded on all patients. All patients had an APACHE II score computed.
Microbiological Specimen Processing
Colonization was defined as the isolation of microorganisms in the absence of infection from gastric aspirates. Gastric aspirates were plated on blood and supplemented chocolate agar and incubated at 37°C with 5% CO 2 . Cultures were examined at 24 and 48 h. Bacterial growth was analysed semiquantitatively using the four-quadrant streak method 6 . Growth was defined according to colony count in the streaked area and classified as scanty, light, moderate or heavy by the technologist. Colony counts of light density or above were considered significant. Identification and sensitivity testing was performed using the Vitek System (Bio Merieux Vitek, Hazelwood MO, U.S.A.) in addition to colony morphology, biochemical tests and gram stain. For the purposes of the study potentially pathogenuc microorganisms included all Enterobacteriaceae, other gram negative nonenterobacteriaceae (e.g. Acinetobacter sp), Pseudomonas sp, yeasts, Staphylococcus aureus, Enterococcus faecalis and Strepococcocus pneumoniae. Nonpathogenic organisms included α-haemolytic streptococci, diptheriods, and micrococci.
Statistical Analysis
All ordinal data were analysed using the Kruskal-Wallis test. Results are expressed as median value and range. Nominal data was analysed using the Chi-Square Test, results as proportions. For the GI arm, median 0600 and 2200 pH values were compared using the Wilcoxon matched pairs rank test. A Kaplan-Meier analysis was used to display colonization probability over time between groups. The difference between gastric and jejunal colonisation was calculated using the Log rank test. For all of the above tests a P value of 0.05 or less was accepted as statistically significant. Analysis was conducted using SAS 6.12 software (SAS institute).
RESULTS

General
Forty-three patients were randomized. No patient in the JEJ group failed feeding. One patient randomized to GI feeding failed to feed at day 4 and was subsequently managed with TPN (data analysed). Two patients randomized to GC feeding were extubated before having had three complete days of ventilation and were excluded, leaving 41 patients for data analysis. The cohort consisted primarily (>70%) of patients with trauma, either isolated head or multisystem (Table1). Overall mortality (ICU and hospital) was 17% (7/41).
Subgroup
There were 12, 15 and 14 patients in the GC, GI and JEJ groups respectively. Table 2 describes the characteristics of each group. Median 0600 pH was lowest for those in the JEJ group, 3.2 (2.1-6.4) followed by the GI group, 4.00 (1.7-5.0) then the GC group 5.00 (3.3-5.5) (P=0.16). Median 2200 pH for the GI group was 5.2 (3.7-6.0). There was a significant difference between this and the 0600 value (P=0.01). Median daily calorie intake was significantly higher in the JEJ group, 1461 (427-2265) calories than the GI, 553 (167-2918) calories or the GC group, 1173 (420-1640) calories (P=0.0018).
Microbiological
Sixty-five per cent of microorganisms isolated from the stomach had a potential gastrointestinal (endogenous) origin. Gastric aspirates were positive (including non-pathogenic strains) in 73% (30/41) of patients at some point in time. By feeding arm this corresponded to 7 (50%) of the JEJ group, 13(86%) of the GI group and 10 (83%) of the GC group (NS). For all patients the cumulative percentage of patients colonized with a new potentially pathogenic microorganism from study entry was 17% on day 1, 48% by day 3, 58% by day 5, 65% by day 7 and 70% by the tenth study day. By feeding group there were statistically significant differences in the daily rates of colonization with potentially pathogenic microorganisms in the jejunal group compared to the two gastric groups (Table 3 ). When probability of noncolonization over time was displayed graphically (Figure 1) a significant difference was observed between the jejunal and two gastric groups (Log rank test=5.1, df=1, P=0.02). The gastric groups were 2.3 times more likely to be colonized than the jejunal group (95% CI=1.0,5.6).
DISCUSSION
It has been over 20 years since the stomach was first proposed as a microbial reservoir from which infection of the lower respiratory tract could occur 2 . Whilst it is clear that the gastropulmonary route exists, its net contribution towards the causation of ventilator-associated pneumonia remains uncertain [7] [8] [9] . Studies examining the effects of gastric acid suppression have however suggested that elevation of gastric pH may enhance colonization with gram negative bacteria and also the risk of pneumonia 10 . Conversely reduction of gastric pH by the acidifica- tion of enteral feeds to a pH of 3.5 has been associated with a marked reduction in gastric colonization rates but no difference in the incidence of pneumonia 1 . The concept that the introduction of a feeding break during periods of continuous EN may aid acidification of gastric contents thereby reducing colonization also seems intuitively useful. Lee et al 3 studied 26 ventilated patients fed utilizing an eight-hour break overnight. Using a retrospective control group of continuous feeders they found a significant (P<0.002) reduction in pH with the intermittent feeding strategy. More importantly a reduction in the incidence of ventilator-associated pneumonia from 54% in those fed continuously to 12% among those fed intermittently (P<0.002) was observed. Skiest et al 4 likewise were able to demonstrate significant reductions both pH and colonization rates with an intermittent as compared with a continuous feeding regimen. Two other studies addressing these issues 11, 12 however reported contradictory results, both demonstrating high levels of gastric colonization irrespective of the method of feeding used.
With regard to pH in those patients given intermittent EN, our results demonstrate that although median pH fell significantly with the feeding break (5.2 down to 4.0, P=0.01), when compared with either JEJ or GC feeding, no significant difference on 0600 hours values was observed. Feeding via the small bowel was in fact associated with the lowest morning pH value (3.2) with GC feeders returning the highest (5.0). These results suggest that as a modality for enhancing gastric acidity, in particular to a pH <3.5 thought important for bacterial killing 1 , intermittent EN in this population of patients seemed ineffective. Additionally we were surprised at the relatively high pH values in our gastric groups comparative to those previously reported 13 . Possible explanations for these results would include the methodology of pH measurement. The differential in pH may have been more significant than reported by us since we measured it only once daily in the JEJ and GC groups and twice in the GI groups. Continuous pH registration may be more accurate in this respect 14 time of the study. Whilst relative failure of gastric acidification may occur in critically ill patients as part of the multi-organ failure syndrome 15 , alkalinization due to enteral feed combined with the assumed incomplete gastric emptying would seem to be a more logical explanation for this in our gastrically fed patients. Considering the three feeding groups were well matched for illness severity, the recording of a low median pH in the JEJ group where no alkaline feed is entering the stomach would also support this.
There is little information examining the relationship between gastric pH and bacterial colonization rates in patients fed via the small bowel. Although it would be intuitive to expect the gastric pH in those given nutrition via the jejunum to be lower than in those fed by direct gastric infusion the effects of jejunal feeding on gastric blood supply and exocrine function remain poorly delineated. Some recent evidence suggests that small volume jejunal feeding may exert beneficial effects on gastric mucosa directly via neural signalling 16 . In our study the relative preservation of gastric pH in those fed via this route would suggest preserved blood flow with appropriate acidification. Although some degree of duodenogastric reflux almost certainly occurs when the jejunal route is used, gastric acid buffering will occur inconsistently. One study finding only 23% of patients studied achieving a pH of >5.0 and 43% of patients a pH of >3.5 17 . The beneficial effects of jejunal feeding may therefore include defence of gastric acidity and reduction in gastric bacterial load. In our study when daily rates of gastric colonization with new potentially pathogenic microorganisms were examined, there was significantly lower colonization in the JEJ group between days 3 to 10 and a trend towards such at day 12 (Table 3 ). When probability of bacterial noncolonization was plotted against time, a significant difference was noted between the gastric and jejunal groups (Figure 1 ). The probability of gastric colonization after day three was higher in the gastric groups and remained so through to day 12. Although the lower rates in the JEJ group probably represent an effect of pH the possibility that the enteral feed was acting as a culture medium promoting bacterial overgrowth in the gastrically fed patients cannot be discounted.
Gastric colonization was commonly observed with over 70% of patients returning a positive gastric aspirate of any sort at some stage of the study. The percentage of patients colonized with new potentially pathogenic microorganisms rose steadily over the observation period from 17% on day 1 through 58% on day 5 to 70% by day 10. These figures agree with published data which suggest that gastric colonization rates of between 60-80% occur by day 5 to 6 post intubation 6, 18 . Of note both gastrically fed groups remained highly colonized (>80%), GI feeding acting to neither reduce nor stabilise this pattern.
Finally, a general observation made across all the three feeding arms was that the daily estimated calorie requirements were uniformly not met by enteral feeding alone. Feeding via the small bowel, although only able to provide 19 kcal/kg/day, remained the most efficacious of the three methods used, delivering 63% of predicted need. Our results support the findings of other authors in this regard 19, 20 and suggest that calorie delivery may be best achieved using the jejunal route.
In conclusion, EN delivered using an eight-hour feeding break failed to significantly acidify the gastric contents or alter overall bacterial colonization rates. EN delivered via the small bowel was associated with relative preservation of gastric acidity and concomitantly lower rates of bacterial colonization. The clinical significance of this finding needs to be determined in larger studies.
